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Summary 
In the sexuparae and female sexuales of the three species of the Mindarinae the 
ectodermal part of the alimentary tract consists of a stylet bundle, pharyngeal duct, 
valve, and pump, foregut and oesophageal valve. The valve is opened by two pairs of 
muscles. The pump has 27 pairs of muscles to pump up the plant sap, and two pairs of 
muscles to support the pump. The midgut is the endodermal part of the alimentary tract 
consisting of a stomach producing an apocrine secretion, crenated intestine, and 
descending intestine. The posterior region of the alimentary tract is of ectodermal 
origin and consists of a very short rectum and epidermal invagination terminating at 
the anal opening. The latter is controlled by three pairs of anal dorsal muscles and two 
pairs of anal lateral muscles. 
The salivary gland is a paired organ; each half is composed of the accessory gland, 
transparent organ, and principal gland. The principal gland is bilobed and each lobe 
contains 5-6 Deckzellen and 11-13 Hauptzellen of four different types. 
Inside the proboscis is a well-developed V-shaped organ which serves to telescope 
the second labial segment into the first. 
The mycetome consists of mycetocytes harbouring irregular-shaped symbionts. In 
embryos and young larvae the oenocytes are intimately attached to the mycetome. 
The pericardial cells occur in the environment of the corpus allatum, in the vicinity 
of the coxae, half-way laterally in the metathorax, and evenly distributed along the 
dorsal vessel. 
The mesodermal tissue consists of fat cells,- basophilic mesodermal cells, and 
connective tissue cells. The haemolymph is characterized by the absence of circulating 
cells. 
In embryonic males the salivary glands start to degenerate and after birth the 
primitive midgut follows. In the males the V-shaped organ, mycetome, and oenocytes 
are lacking. 
Table 7 presents differences between the several internal organs of the Mindarinae 
and the Adelgidae. 
Introduction 
The aphids Mindarus abietinus Koch and M. obliquus Cholodkovsky belong to 
Nüsslin's subfamily Mindarinae (Nüsslin, 1900,1910). According to Theobald (1929) 
the Mindarinae contain only a single genus the Mindarus of Koch of which a number 
of species are described (Guangxue Zhang and Gexia Qiao, 1997; Favret and Nielsen, 
2008). This genus is assigned to the family Thelaxidae sensu Borner (1952). According 
to the aphid classification of Remaudière and Remaudière (1997) there are three 
families, viz. Adelgidae, Phylloxeridae, and Aphididae of which the subfamily 
Mindarinae is placed in the Aphididae. 
The life cycle of Mindarus abietinus, M. obliquus (Nüsslin, 1900, 1910; Theobald, 
1929; Borner and Heinze, 1957; Varty, 1966; Heie, 1980) and M. japonicus Takahashi 
(Sorin, 1962) is made up only three generations a year: viz. wingless fundatrices, 
winged and wingless viviparous females (= sexuparae), and wingless sexuales. They 
feed between the needles of young shoots of Abies spp. and Picea spp. (Pinaceae). 
The digestive system of Mindarus abietinus and M. obliquus described by Nüsslin 
(1910) consists of a foregut, a dilated stomach, a tubular intestine with some loops, 
and a balloon-shaped hindgut, but lacks Malpighian tubules and a filtersystem. 
In the female sexuales the digestive system is similar to that of the fundatrices and 
sexuparae; in the dwarfish males it is a straight tube without any loop or coil. 
The salivary gland is a paired organ of which each half consists of a small and a big 
gland (Nüsslin, 1910; Kunkel, 1966). In the same aphid species, Nüsslin (1910) 
reported the presence of a nervous system, pseudovitellus (mycetome), dorsal vessel, 
and fat cells. 
The purpose of the present study is to investigate the alimentary tract, salivary glands, 
and related organs of the Mindarinae. 
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Materials and methods 
Specimens of the species were collected from the host plants (Table 1). After fixation 
in Duboscq-Brasil's fluid the aphids were dehydrated in a graded series of ethanol 
and methyl benzoate, stored in methyl benzoate celluidin (2%), and then in toluene 
and finally embedded in paraplast. Serial sections, 5-8 um thick, were stained in 
0.5% methylgreen aqueous solution, rinsed in tap water, dehydrated in methanol and 
in methyl benzoate, cleared in xylene, and finally mounted in xylene-dammar. 
The sections were examined under a Wild phase microscope; the drawings were made 
with the aid of a Wild drawing tube. 
The morphology of the several organs was reconstructed from drawings of serial 
sections of a whole aphid viewed at a magnification of x600-1500. 
All illustrations in this and previous publications were drawn by the author. 
Table 1 List of species of the subfamily Mindarinae studied, their morph, hostplant, and locality data. 
Aphid Morph Host plant Locality, data 
Mindarus abietinus 
Koch 
Mindarus japonicus 
Takahashi 
Mindarus obliquus 
(Cholodkovsky) 
winged sexuparous 
female sexuales 
male 
winged sexuparous 
winged sexuparous 
female sexuales 
male 
winged sexuparous 
winged sexuparous 
female sexuales 
male 
winged sexuparous 
wingless sexuparous 
female sexuales 
wingless sexuparous 
female sexuales 
male 
wingless sexuparous 
female sexuales 
male 
Abies homolepsis Wageningen, 11 .VI. 1983 
Abies nordmannianae Wageningen, 27.V. 1997 
Abies pinsapo Wageningen, 4. VI. 1997 
Abies koreana 
Abies firma 
Picea omorika 
Picea pungens 
Picea glauca 
Wageningen, 13.VI.1997 
Kuratayama (Japan), V2001 
Wageningen, 3 I.V. 1997 
Wageningen, 4.VI. 1997 
Wageningen, 5.VI.1997 
Figure 1 Sagittal section of the head of a winged sexuparous Mindarus obliquus showing the two 
pairs of pharyngeal valve muscles (M4), 27 pairs of pharyngeal pump muscles (M4), 
two pairs of muscles to support the pharynx (M4), and two pairs of salivary pump muscles 
(Ml7), reconstructed from five serial transverse sections. The dotted lines indicate the plane 
through which the transverse sections 1-5 in Figure 2 and 6-12 in Figure 3 have passed. 
Bar represents 10 urn. For list of abbreviations see page 59 
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Alimentary tract 
In all species and morphs of the Mindarinae (Table 1), except the males (see page 49), 
the ectodermal part of the anterior region of alimentary tract consists of the stylet 
bundle, pharynx, foregut, and oesophageal valve. 
The pharyngeal pump passes into the digestive system which consists of the foregut, 
midgut, and rectum, and terminates at the anal opening. The midgut is the endodermal 
part of the alimentary tract and comprises stomach, crenated intestine, and descending 
intestine (Figures 8 and 13B). 
In dissections of living Mindarus abietinus and M. obliquus the foregut, stomach, 
and crenated intestine are opaque structures which show slow peristaltic movements 
generated by circular muscles. The crenated intestine has along its entire length a 
crenated structure and shows some distinct white dots which are the triplets (see 
page 23). The descending intestine is a smooth transparent structure that shows 
vigorous peristaltic movements generated by circular and longitudinal muscles; the 
latter are external to the circular muscles and are attached to the epidermal invagination 
on the border with the rectum. In adults the peristaltic movements are very slowly. 
Stylets. The piercing organ is the stylet bundle with which the aphids take their 
nourishment from the plant. It is composed of four stylets: one pair of mandibular and 
one pair of maxillary stylets. 
Each stylet originates from a retort-shaped organ. One pair of retort-shaped organs is 
situated in the middle region of the head from which the mandibular stylets run parallel to 
the pharyngeal pump. The maxillary stylets originating from retort-shaped organs situated 
in the lateral region of the head, cross the mandibular stylets dorsally and run subsequently 
between the pharyngeal pump and the mandibular stylets. From the retort-shaped organs 
the stylets are expanded forming hollow chitinous structures but taper gradually to their 
needle-like form. The development of the stylet in the retort-shaped organ has already been 
described in detail for many species of the Adelgidae (see Figure 7 in Ponsen, 2006). 
Inside the head there are two muscles attached to the basal end of each stylet: 
a retractor muscle on the inner side originating from the tentorial bar (Ml5 and M16) 
Figure 2 Transverse serial sections 1 -5 of the course of the stylets from the proboscis to the pharyngeal 
duct (p h d) and the efferent salivary duct (e s d) of a larval female sexuales of Mindarus 
abietinus. Oblique section of the pharyngeal system of a winged sexuparous larva of 
M. abietinus. The dotted lines indicate the plane of the serial transverse sections 6-12 in 
Figure 3. Note the two pairs of pharyngeal valve muscles (M4), 27 pairs of pump muscles 
(M4), and two pairs of muscles to support the pharynx (M4). Bar represents 10 um. 
For list of abbreviations see page 59. 
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and a protractor muscle (Ml3 and M14) inserted on the outer side of the stylet and 
originating from the ventral wall of the maxillary sclerite (Figure 4B). More proximally 
on the outer side of the stylet another muscle is inserted which originates from the 
lateral wall of the maxillary sclerite (M8 and M9). On the inner side there are muscles 
attached to the pharynx floor (M23 and M24). Just before the pharyngeal valve each 
mandibular stylet is provided with a lever, a chitinous compact structure to support 
the mandibular stylets during their operation (Figures 3 and 4B). The musculature of 
the stylets of the Mindarinae is similar to that of the Adelgidae, Phylloxeridae, and the 
Aphididae (Ponsen, 1972, 1997, and 2006). 
Mindarus abietinus penetrate its stylet bundle intercellularly in the epidermis 
and cortex of Abies pectinata (Francke-Grosmann, 1937) and Mindarus japonicus 
intracellularly in the same tissue of Abies firma (Sorin, 1966); both species take their 
nourishment from sieve cells of the phloem. 
Subsequently the stylets run to the end of the epipharynx where the two maxillary 
stylets join the pharyngeal duct (p h d) and the efferent salivary duct (e s d) in a chitinous 
groove of the epipharynx (Figures 1 and 2). Thereafter the two maxillary stylets become 
firmly interlocked enclosing dorsally the food canal and ventrally the salivary canal. 
The mandibular stylets are held in a small groove on each side of the middle-groove. The 
stylets are so arranged that they fit snugly into the grooves, being held firmly in position, 
at the same time having perfect freedom of movement for protraction or retraction. 
The mandibular stylets are closely applied to the maxillary pair to form the stylet 
bundle. The bundle lies in an almost completely enclosed, thick chitinous groove on 
the ventral face of the labrum (Figure 2). 
Proboscis. The rostrum (proboscis) of the Mindarinae is a four-segmented labium 
(Heie, 1980). At the end of the suboesophageal ganglion the proboscis leaves the head. 
Two epidermal evaginations start at the basal part of the proboscis and terminate near 
the end of the first labial segment (Figure 5A). The proboscis is in open connection 
with the haemoceul but fat cells, basophilic mesodermal cells, and waxy droplets are 
lacking. Both in Myzus persicae Sulzer (Figure 2 in Ponsen, 1972) and in all morphs 
of the Mindarinae one pair of tracheae enters the proboscis; each of them is a branch 
of the main trachea to the clypeus which originates directly from the mesothoracic 
spiracle. The stylet bundle crosses over from the epipharynx into a deep groove situated 
in an endocuticular bulge of the first labial segment (Figures 2 and 6). 
Figure 3 Transverse serial sections 6-12 of the pharyngeal duct, valve, and pump of a wingless 
sexuparous larva of Mindarus obliquus. The sections correspond with the numbers given 
in Figures 1 and 2. Bar represents 10 urn. Inset: Magnification of transverse section no. 5 in 
Figure 2. For list of abbreviations see page 59. 
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This flexible segment has two pairs of muscles; each pair consists of the labial 
dorsal longitudinal muscle (M28) and the labial retractor muscle (M30). Both muscles 
originate from the intersegmental fold of the basal part of the segment; the former runs 
to the next intersegmental fold and the latter is inserted on a well-developed V-shaped 
organ. This organ is an outgrowth of the intersegmental fold on the ventral side of the 
proboscis (Figures 5A and 7A-B). 
The second segment is the longest of the proboscis. It is characterized by the 
presence of both numerous minute chitinous spikes mainly on the ventral side and 
25 pairs of labial transverse muscles (M33). These muscles originate from the labial 
groove and are inserted on the dorsal wall. Near the end of this segments there are two 
pairs of muscles originating from the groove of which one pair runs posteriorly to the 
dorsal wall of the second segment and one pair posteriorly to the dorsal wall of 
the third segment (Figure 5B). 
The stylet bundle runs in an open groove along the ventral wall of the segment.Along 
the wall of the groove runs a exocuticular dark-brown rod (Figure 6) in transverse sections 
visible as an exocuticular thickening of the wall of the groove (Figure 5B). At the end of 
the second segment the groove deepens gradually to the centre. The telescopic part of the 
second segment is a continuation of the exocuticular dark-brown rod forming a V-shaped 
organ (V s o). This organ consists of a very thick endocuticular layer and outer epithelial 
cells. One pair of labial protractor muscles (M31 ), originating from the dorsal intersegmental 
fold at the end of the second segment, are inserted on the V-shaped organ (Figures 5A, 6, 
and 7A, B). The two labial retractor muscles (M30) in the first segment and the two labial 
protractor muscles (M31) in the second segment serve to bring the labium into a vertical 
position at right angles to the surface of the plant and to telescope the second segment into 
the first segment during penetration of the plant. 
The third labial segment is a small segment of which the stylet bundle runs into a 
deep groove with a very narrow entrance (Figures 5C and 6). It has two pairs of 
muscles: each pair consists of the labial ventral longitudinal muscle (M29) and the 
labial lateral muscle (M32). Both muscles originate from the ventral intersegmental 
fold at the distal part of the third segment. The former runs from the intersegmental 
fold to the next and the latter is inserted on the dorsal wall near the basal intersegmental 
fold. Five pairs of labial transverse muscles (M33) run from the dorsal wall posteriorly 
to the labial groove. 
The fourth labial segment is about as long as the third segment (Figure 5D). The 
stylet bundle lies in a deep groove of which the very narrow entrance is fortified on 
Figure 4 The salivary pump of a winged sexuparous Mindarus japonicus (A) and the musculature of 
the stylets of a winged sexuparous Mindarus abietinus (B) reconstructed from 5-7 transverse 
serial sections. Bar represents 10 urn. For list of abbreviations see page 59. 
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both sides with an exocuticular thickening. In longitudinal position these thickenings 
form two big dark-brown rods. These rods terminates in a spherical structure each with 
an opening in the centre (Figures 5D and 6). 
As in Myzus persicae, there arise from the posterior part of the suboesophageal 
ganglion at the ventrolateral side two pairs of nerves. The first pair (N21) runs beneath 
the common salivary duct into the proboscis (Figure 29 in Ponsen, 1972). Probably 
these two nerves terminate each in one of the two openings (Figure 6). 
The apical part of the fourth labial segment has a dark-brown structure bearing six 
setae on the boundary of both parts. The two rods are connected with the dark-brown 
structure forming a nearly closed ring. This ring surrounds the thick walled groove 
in which the stylets fit tightly. The dorsal side of the groove is partly surrounded by 
14 pores (Figure 6). Very fine threads run from these pores to minute swellings on the 
surface of the dark-brown structure at the dorsal side of the opening of the groove 
(Figure 5D). The total number of pores agrees with that of the swellings. Scanning 
electron micrographs shown by Forbes (1977), the distal tip of the fourth labial segment 
of Acyrthosiphon pisum (Harris) bears eight pairs of sensory cones surrounding the 
opening from which the stylets emerge. 
The ventral side of the dark-brown structure terminates in two outgrowths. Each of 
them consists of two pointed projections to attach the labium firmly to the plant. 
The four pointed projections bear very fine spines (Figure 5E). 
The dark-brown colour of the rod in the second segment, the two rods in the fourth 
segment, and the apical structure of the fourth segment contrast with the yellow 
transparent colour of the stylets. Probably, there is a difference in composition of 
the chitin (Figure 5). 
Living aphids clearly show that in the second labial segment the stylet bundle can 
move easily out of its groove whereas in the remaining segments the stylet bundle is 
firmly locked up in their deep grooves (Figure 6). 
Pharynx. The pharynx consists of three parts, viz. the pharyngeal duct, valve, and 
pump. The pharyngeal duct is a continuation of the food canal in the maxillary stylets. 
The duct is formed by the epipharynx and the hypopharynx lip of which the epipharynx 
is marked by a thick dark-brown chitinous plate. This plate also forms the floor of the 
clypeo-labrum and reveals a median row of eight sensillary pores (Figure 1). 
Figure 5 Longitudinal sections of the proboscis (rostrum) of a larval female sexuales of Mindarus 
abietinus: first (A), second (B), third (C), and fourth (D) labial segment, and a median 
longitudinal section of the apical part of the fourth segment (E). The dotted lines indicate the 
plane of the transverse serial sections 1-15 given in Figure 6. The stylet bundle is omitted. 
Bar represents 10 urn. For list of abbreviations see page 59. 
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In the median line of the hypopharynx lip a narrow gutter runs from the food 
canal to terminate in a cup-shaped structure which connects with that of the valve. This 
structure is provided with two sensillary pores (Figures 1 and 2). 
The pharyngeal duct does not exert any sucking action; its function is to taste 
the acquired plant sap with the sensillary pores and to convey subsequently the plant 
sap to the pharyngeal pump. 
The pharyngeal valve is the connection between the duct and the pump. Both the 
dorsal and ventral walls of the valve are marked by two cuticular dome-shaped 
prominences. The dorsal wall of the valve is controlled by two pairs of divaricator 
muscles, each pair being attached to a tendon. The muscles diverge from each side of 
the tendon and are attached bilaterally of the clypeo-labrum. On each side of the two 
tendons there are three sensillary pores (Figure 3). On the lateral side of the valve there 
is a muscle (lateral pharyngeal valve muscle, MIO) inserted which originates from 
the lateral wall of the clypeus. The pharyngeal valve is opened by two pairs of 
dorsal muscles, and closed by the contraction of the lateral pharyngeal valve muscles. 
In a closed position the dome-shaped prominences and the valve fit closely together. 
The pharyngeal pump or sucking pump extends from the valve and traverses the 
middle region of the head through the oesophageal connectives to join the foregut in 
front of the tentorial bar (Figure 1). It acts as a pumping organ to bring the liquid food 
through the food canal and to force it into the foregut. The movement of the flexible 
dorsal wall of the sucking pump is controlled by divaricator muscles. In the anterior 
part they are attached to 13 long tendons arising from the middle of the dorsal pumpwall. 
The muscles pass from each side of the tendon: the first five pairs of muscles 
become attached to the wall of the clypeo-labrum, while the next eight pairs to the 
wall of the clypeus. The middle part of the pump is provided with short tendons placed 
in 14 pairs, each of them inserted with a muscle originating from the clypeal wall. 
Close to the tentorial bar one pair of muscles is inserted on the edges of the ventral 
pumpwall. Each pair divides into two muscles which are attached to the midline, one 
on each side in the middle region of the epicranium (Figures 1 and 3). 
The floor of the pharyngeal pump is a very stout, rigid chitinous structure and is 
attached by muscles: four pairs of short muscles originating from the tentorial bar 
(M21), one pair from the piston of the salivary pump (M17), and directly after the 
pharyngeal valve the edges of the pharynx floor are inserted by a muscle originating 
from the clypeus (M25) (Figures 1 and 3). 
Figure 6 Transverse sections of the first (1-4), second (5-7), third (8-10), and fourth (11-15) labial 
segment of the proboscis of a winged sexuparous larva of Mindarus abietinus. The sections 
correspond with the numbers given in Figure 5. The stylet bundle is omitted. Bar represents 
10 (im. For list of abbreviations see page 59. 
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Figure 7 Semi-schematic drawing showing the well-developed V-shaped organ (V s o) inside the 
proboscis of sexuparae and female sexuales of the Mindarinae (A), viviparae and sexuales 
of the Pterocommatinae (B). The V-shaped organ is an outgrowth of the intersegmental fold 
on the ventral side of the proboscis. In the males of the Mindarinae (C), in all species of the 
Adelgidae (D) and those of the Phylloxeridae (E) the V-shaped organ is lacking. First (1) 
and second (2) labial segment. For list of abbreviations see page 59. 
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The structure of the pharynx, including the muscles of the valve and pump of the 
Mindarinae are identical to that of the Aphididae (Table 15 in Ponsen, 2006). Only the 
27 pairs of muscles that are inserted via a tendon on the flexible dorsal wall of the 
pharyngeal pump are responsible for the pumping action of the plant sap from the 
phloem to the stomach. The two pairs of muscles which are inserted on the edges of 
the stout ventral pumpwall serve to support the pump in position (Figure 1). 
The epipharyngeal gustatory organ has 14 sensillary pores: eight pores are arranged 
in a row in the epipharynx of the pharyngeal duct and six pores are located in the dorsal 
wall of the valve. The hypopharyngeal gustatory organ has four sensillary pores: two 
in the cup-shaped structure of the pharyngeal duct just anterior to the valve and two 
pores at the foot of the salivary pumpstem. The structure of the gustatory organs 
including the location of the sensillary pores of the Mindarinae is identical to that of 
species of the Phylloxeridae, Adelgidae, and Aphididae (Ponsen, 1997, 2006). 
Foregut. The foregut (oesophagus) runs posteriad from the tentorium, between the 
accessory salivary glands in the prothorax, between the principal salivary glands in the 
mesothorax (Figures 1 and 13B), and dorsal to the suboesophageal and thoracic 
ganglia. In young larvae it runs in a medial dorsal furrow of the suboesophageal 
ganglion, but in adults it is situated outside the furrow. The foregut is a uniform thin 
tube made up of simple squamous epithelium of which the nuclei protrude into the 
narrow lumen. The muscularis of the foregut extends directly into that of the stomach 
(Figure 9A). 
Oesophageal valve. The oesophageal valve is an invagination of the foregut into the 
lumen of the stomach (Figure 9A). It consists of two layers of non-muscular epithelium, 
which form an intravalvular space. The inner layer is a continuation of the foregut, 
whereas the outer layer is built up of cuboidal cells, each with a spherical nucleus. The 
epithelial cells of both the foregut and the outer layer of the valve secrete a chitinous 
intima. 
Stomach. The stomach has a dilated structure of which the maximum diameter is 
situated half-way the stomach. It begins in the meso- or metathorax to join the crenated 
intestine in one of the first three abdominal segments (Table 2). The stomach lies in the 
central region of the aphid, both dorsally and ventrally of the two types of intestines 
(Figure 10). The transition from the stomach to the crenated intestine is marked by a 
sharp loop, which is situated either to the right or to the left of the stomach (Figures 8 
and 13B). 
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Table 2 The position of the midgut and its subdivisions in the body cavity of species of the 
Mindarinae. They have three thoracic segments (I-III) and nine abdominal segments (1-9) 
(see Inset in Figure 8). 
Aphid 
Mindarus 
abietinus 
Mindarus 
japonicus 
Mindarus 
obliquus 
Total 
number 
of aphids 
sectioned 
25 
14 
14 
2 
3 
15 
24 
Morph 
winged sexuparae 
female sexuales 
winged sexuparae 
female sexuales 
winged sexuparae 
wingless sexuparae 
female sexuales 
Stomach 
starts in 
II-III 
II-III 
II-III 
III 
II-III 
II-III 
II-III 
Stomach 
ends in 
1-3 
1-2 
1-3 
3 
2-3 
1-3 
1-3 
Thoracic 
loop of 
intestine 
HI 
III 
II-III 
1 
III 
in-i 
HI-2 
Abdominal Additional 
loop of 
intestine 
4-5 
4-5 
5 
5-6 
5 
4-6 
4-6 
loop of 
intestine 
between 
II/l 
II/2 
1/3 
II/III 
1/3 
1/4 
1/4 
Descending 
intestine 
starts in 
III-l 
III-l 
II-III 
2 
m 
in-2 
III-2 
The simple epithelium of the stomach consists of two types of cells: in the anterior 
region cuboidal cells with somewhat elongated nuclei, and after the end of the 
oesophageal valve the remainder of the stomach is made up of large triangular cells 
with spherical to oval nuclei (Figure 9A). 
In transverse sections, the total number of cells increases from 4-5 cuboidal cells in 
the beginning of the stomach to 8-10 triangular cells half-way the stomach to decrease 
gradually to 3-4 triangular cells at the end of the stomach. The cuboidal cells have 
small vacuoles and the triangular cells irregular-shaped vacuoles and many granules. 
The basal cell membranes of both cell types is strongly invaginated and the apical cell 
membrane presents a labyrinthine system of closely packed irregular invaginations of 
different dimensions. 
The cuboidal cells do not show any cytological evidence of secretory activity. They 
remain intact throughout larval and adult life without any degeneration of cells (Figure 9). 
The triangular cells produce an apocrine secretion which is discharged together 
with parts of the apical cytoplasm forming dark irregular-shaped structures. This 
process continues during larval life and proceeds into the adult stage till all the cells are 
practically disappeared including the nuclei (Figures 9C-F). The stomach lumen is 
completely filled with these structures. This material is strictly limited to the lumen of 
Figure 8 Dorsal view of the digestive system and topographical position of the oenocytes of a winged 
sexuparous larva of Mindarus japonicus (A) and a female sexuales larva of M. obliquus 
(B), reconstructed from transverse serial sections. The siphuncular pores are situated on the 
sixth abdominal tergite. 1-2, meso- and metathoracic spiracles; 3-9, abdominal spiracles. 
Bar represents 30 u,m. Inset: Schematic representation of the digestive system of the 
Mindarinae. For list of abbreviations see page 59. 
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Figure 9 Longitudinal section of the stomach and oesophageal valve of a winged sexuparous larva 
of Mindarus abietinus showing the first type of cells in the anterior region and the second 
type of cells in the remaining part of the stomach (A). Transverse sections of the anterior 
region of the stomach of a female sexuales larva of M. obliquus (B), the middle region of 
the stomach of a just born female sexuales of M. japonicus (C), the middle region of the 
stomach of a female sexuales larva of M. obliquus (D) and that of a winged sexuparous 
larva of M. japonicus (E), and an oblique section of the stomach and oesophageal valve of a 
female sexuales larva of M. obliquus (F). Bar represents 10 urn. For list of abbreviations see 
page 59. 
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the stomach and does not occur in the lumen of the crenated and descending intestine 
which shows a clear appearance. In some individuals these dark structures are present 
in the lumen of the first region of the crenated intestine. In embryonic female sexuales 
the stomach lumen is completely empty (Figure 23) indicating that the apocrine 
secretion of the stomach cells starts after birth of the aphids (Figure 9C). 
The statement in a previous article (see page 64 in Ponsen, 2006) that the "stomach 
cells of the Mindarinae produce a merocrine secretion" appears to be incorrect. 
The presence of only one type of secretory cells in the stomach indicates that the 
species of the Mindarinae belong to the monophagous aphids (see page 44 in Ponsen, 
1990). 
Both in species of the Mindarinae (Figure 10) and in Phloeomyzus passerinii 
(Signoret) (Ponsen, 1982) the stomach lies in the central region of the body cavity, 
both dorsally and ventrally of the two types of intestines (Table 15 in Ponsen, 2006). 
Crenated intestine. The crenated intestine is the longest part of the alimentary tract 
(Table 2). It has a tubular structure and can be divided into two distinct regions. The 
first region (small crenated intestine) runs from the stomach directly anteriad to the 
first thoracic loop situated in the metathorax or in the first two abdominal segments. 
From there it runs to the abdominal loop situated in the fourth, fifth, or sixth abdominal 
segment. In this loop the intestine gradually broadens to form the second region of the 
intestine (large crenated intestine) which runs anteriad to the pro- or mesothoracic 
segment forming the second thoracic loop. Before reaching the descending intestine, 
the second region of the crenated intestine forms one additional loop situated between 
the metathorax and fourth abdominal segment (Figures 8 and 13B). 
Transverse sections of the small crenated intestine consists of 3-4 and those of the 
large crenated intestine 4-5 triangular cells forming a more or less stellate lumen. Each 
cell has a spherical to oval nucleus. In the large crenated intestine the cells and nuclei 
are bigger, and the cytoplasm more vacuolated than in the small crenated intestine. 
The apical cell membranes of the triangular intestinal cells present a labyrinthine 
system of closely packed irregular invaginations of different dimensions. The infoldings 
of the basal cell membrane are about the half of those of the stomach (Figures 11 
and 23). 
At irregular intervals among the strongly vacuolated cells of the large crenated 
intestine there are 5-9 triplets. The majority of the triplets occur singly; occasionally two 
triplets or rarely three triplets occur together. Each triplet consists of three conical-shaped 
cells of which one cell is very large with a large nucleus, whereas the other two are very 
small each with a small nucleus (Figure 11C-D). The labyrinthine system of the apical 
cell membrane is smaller than that of the intestinal cells and the basal cell membrane is 
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strongly invaginated; the cytoplasm has numerous minute vacuoles. In all species of the 
Aphididae investigated the triplet cells occur only in the large crenated intestine. 
Descending intestine. The fourth part of the midgut is the descending intestine which is 
in open connection with the large crenated intestine. It starts in the third thoracic loop 
situated in the metathorax or the first two abdominal segments. From there the descending 
intestine runs directly caudad ventral to the stomach and dorsal to the voluminous 
abdominal loop of intestine to open into the rectum (Figures 8 and 13B; Table 2). 
The simple epithelium consists of triangular cells each with an oval nucleus and numerous 
small vacuoles in their cytoplasm. The apical cell membrane presents a very thin 
labyrinthine system of irregular invaginations of different dimensions; the basal cell 
membrane has few infoldings (Figures 11F-H). The area of contact between adjacent 
cells is smaller than that between the stomach cells and the crenated intestine cells. This 
cellular arrangement allows the descending intestine to become excessively dilated as a 
result of the vigorous peristaltic movements. In the dilated position the cells are very flat 
and the oval nuclei are situated parallel to the basal cell membrane (Figure 25H). 
Rectum. The very short ectodermal part of the posterior region of the alimentary tract 
consists of a rectum, epidermal invagination, and the anal opening (Figures 8 and 13B). 
The rectum begins in the seventh abdominal segment and consists of small cuboidal cells 
with spherical nuclei. The longitudinal and circular muscles of the rectum are a 
continuation of those of the descending intestine. They are inserted on the junction of the 
rectum and epidermal invagination. The muscular coat of the rectum is connected to the 
abdominal bodywall by dorsal and lateral visceral muscles (Figure 12B). 
The rectum passes into an epidermal invagination which is a thin tube forming an 
S-shaped flexure (Figure 12A). The cellular structure is similar to that of the foregut. 
The cuticular layer of the rectal cells and the cells of the epidermal invagination forms 
one continuous layer with that of the cells of the bodywall (Figure 12C). 
The epidermal invagination opens to the exterior via the anal opening. It is situated 
dorsal to the cauda, between the eighth and ninth abdominal tergites. The anal opening 
is opened by three pairs of dorsal muscles; they arise at the junction of the eighth and 
ninth tergites and inserted on the middle of the dorsal wall of the epidermal invagination. 
Two pairs of lateral muscles close the anus; they originate at the junction of the seventh 
and eighth sternites and are inserted on the ventrolateral walls of the anus (Figures 
12D-F). The Mindarinae have a tongue-shaped to finger-shaped cauda (Heie, 1987). 
The honeydew excreted by the sexuparae of Mindarus abietinus and M. obliquus is 
covered with a waxy pulverulence; the female sexuales emit spontaneously honeydew by 
touching the surface of the body with a paint-brush. These species are not attended by ants. 
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Figure 11 Transverse sections of the small crenated intestine of a female sexuales larva of Mindarus 
obliquus (A) and that of a winged sexuparous larva of M. abietinus (B); the large crenated 
intestine of a winged sexuparous larva of M. japonicus (C), a wingless sexuparous larva (D) 
and a female sexuales larva of M. obliquus (E); the anterior region of the descending intestine 
of a winged sexuparous larva of M. abietinus (F), the middle region of the descending 
intestine of a female sexuales larva of M obliquus (G) and that of a winged sexuparous larva 
of M. japonicus (H). Bar represents 10 um. For list of abbreviations see page 59 
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Salivary glands 
The salivary gland of the three species of the Mindarinae investigated is a paired organ 
of which each half is composed of the accessory gland, transparent organ, and principal 
gland (Figures 13 and 19C). The accessory glands and transparent organs are situated 
one on each side of the suboesophageal ganglion and the principal glands dorsally to 
the thoracic ganglion. All these glands are connected with the salivary pump by a 
salivary duct. 
Accessory gland. The accessory gland is situated at the anterior region of the transparent 
organ (Figures 14 and 15). This gland consists of three cells (Table 3) each with a 
spherical to oval nucleus. The cytoplasm contains vacuoles and fine granular material. 
The basal cell membrane has numerous short infoldings. 
The cuticular lumen of the transparent organ passes into a cuticular small 
intercellular canaliculum ending into a cavity. In this cavity the secretory products of 
the accessory gland cells are collected. The epithelial lining of the cuticular canaliculum 
consists of 2-3 squamous cells, each with a spherical or elongated nucleus. 
Transparent organ. The transparent organ has a somewhat irregular-shaped structure 
of which the lateral cell membranes are difficult to observe (Figures 14 and 15). In this 
organ there occur 5-7 spherical to oval-shaped nuclei (Table 3); the cytoplasm consists 
of many vacuoles and granulated material. During larval life this material dissolves 
forming empty irregular-shaped cavaties. 
The apical cell membrane presents a labyrinthine system of loosely scattered 
evaginations arranged along a cuticular lumen. This lumen has a very thick exocuticle 
and starts in the accessory gland to terminate subsequently into the principal salivary 
duct. 
Histologically, the accessory salivary gland and transparent organ of species of the 
Mindarinae are similar to that of species of the Adelgidae and those of the Phy lloxeridae. 
Only the transparent organ of the Phylloxeridae is much bigger and more irregular-
shaped (Ponsen, Suppl. 2006). 
Principal gland. Both principal glands are composed of two lobes, the left lobe and the 
right lobe (Figure 15). In dissections of living aphids each gland has anteriorly a 
transparent structure harbouring the "Deckzellen" and posteriorly an opaque structure 
forming the "Hauptzellen". This structure was already observed by Witlaczil (1882) 
for different aphid species (see Table 9 in Ponsen, 1972). The german terms originate 
from Weber (1928) working with Aphis fabae Scopoli. 
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The principal salivary duct divides into two internal salivary ducts, one in each 
lobe. Each lobe is composed of 5-6 Deckzellen and 11-13 Hauptzellen which are 
situated around the internal salivary duct (Figure 15). The Deckzellen contain fine 
granules and vacuoles. During larval life the vacuoles increase in size and number. 
Each cell has two nuclei which in the embryonic stage start to degenerate by 
vacuolization and granulation of the nuclear material (Figure 16). 
Considering the size of the cell and the type of cytoplasm the Hauptzellen can be 
distinguished in four distinctly different cell types (Table 4; Figure 16): The first type of 
cells is the biggest cell of each principal gland, one situated in the left lobe of the left 
principal gland and one in the right lobe of the right principal gland. It is at the top covered 
by Deckzellen. The cytoplasm contains big spherical granules with a diameter of about 
0.9 urn. The nuclear material of the two nuclei start to granulate forming a compact mass 
of granules situated against the nuclear membrane which gradually dissolves. 
The second type of cells are the big-granulated cells. Each lobe has 6-8 cells which 
contain spherical granules with the same diameter as those of cell type 1. During larval 
life there exist many vacuoles. Each cell has two nuclei side by side in the basal part of 
the gland cell or behind each other. 
The third type of cells, two in each lobe, are very small. They contain homogeneous 
cytoplasm with some small vacuoles and one relatively big nucleus. During larval life 
the vacuoles increase in number to form subsequently a spongy structure. 
The fourth type of cells, two small cells in each lobe, contain structureless, 
homogeneous cytoplasm. They are situated at the end of the internal salivary duct. 
Each cell has two very small nuclei (Figures 15 and 16). 
During larval life the gland cells and nuclei increase in size and the total number of 
cells in each lobe remains constant. 
All the gland cells are connected with the lumen of the internal salivary duct by a 
short intercellular secretory canaliculum. The epithelial lining of the lumen of the 
internal salivary duct and that of the intercellular secretory canaliculum consists of 
squamous cells, each with an oval to elongated nucleus. The lateral cell membranes are 
difficult to observe and the apical cell membrane consists of a very small microvillar 
system (Figure 15). 
The two separated lobes of each principal gland are posteriorly connected with 
each other by the two internal salivary ducts forming probably a myoepithelioid cell. 
Figure 12 Longitudinal section of a wingless sexuparous young larva of Mindarus obliquas (A). 
Anal opening in dorsal position. Transverse sections of the rectum (B) and epidermal 
invagination (C) of a female sexuales larva of M. abietinus; the anal musculature of a female 
sexuales larva of M. obliquus (D) and M. japonicus (E), and a larval male of M. obliquus (F). 
Bar represents 10 |xm. For list of abbreviations see page 59. 
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Figure 13 Dorsal view of the digestive system and salivary glands of an embryonic male (A) and 
an embryonic female sexuales (B) inside an adult winged sexuparous Mindarus japonicus 
reconstructed from transverse serial sections. The males of the Mindarinae did not have a 
mycetome and oenocytes. Bar represents 30 urn. For list of abbreviations see page 59. 
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Table 3 Total number of cells of the accessory salivary gland and those of the transparent organ of 
species of the subfamily Mindarinae. 
Aphid 
Morph 
Mindarus abietinus 
larval winged sexuparous 
larval winged sexuparous 
larval female sexuales 
larval female sexuales 
Mindarus japon icus 
larval winged sexuparous 
larval winged sexuparous 
larval female sexuales 
larval female sexuales 
Mindarus obliquus 
larval winged sexuparous 
larval winged sexuparous 
larval wingless sexuparous 
larval wingless sexuparous 
larval female sexuales 
larval female sexuales 
Total number of cells 
Accessory salivary 
gland 
Left 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Right 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Transparent organ 
Left 
6 
7 
5 
6 
5 
7 
6 
6 
6 
7 
5 
6 
6 
6 
Right 
6 
6 
6 
6 
6 
6 
6 
6 
7 
6 
5 
7 
6 
5 
Such a cell is present in the principal gland of Myzus persicae (Ponsen, 1972). The 
myoepithelioid cell serves to pump up haemolymph from the haemoceul into the 
lumen of the internal salivary duct to dissolve subsequently the granules secreting by 
the principal gland cells (Figure 15). 
The arrangement of the gland cells in the principal gland of the sexuparae and 
female sexuales of the three species of the Mindarinae is similar to that of Myzus 
persicae (Ponsen, 1972). 
Salivary duct. The principal salivary ducts from both principal glands run to the 
junction of the thoracic and suboesophageal ganglion where they turn around the 
junction to fuse subsequently forming the common salivary duct. This very short duct 
runs forwards ventrally to the suboesophageal ganglion and turns downwards to pass 
into the afferent salivary duct (Figure 1). 
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Figure 14 Longitudinal view of the accessory salivary gland of a larval female sexuales of Mindarus 
abietinus (A) and a larval winged sexuparous M. japonicus (B) reconstructed from 
transverse serial sections. Bar represents 10 um. For list of abbreviations see page 59. 
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The entire tubular salivary duct consists of one type of cells of which the lateral cell 
membranes are difficult to observe. This epithelium contains spherical to oval nuclei 
and vacuoles of various size which increase in number during larval life. The apical 
cell membrane presents a labyrinthine system of closely packed evaginations which 
are regularly oriented around a cuticular lumen (Figures 14 and 15). 
Salivary pump. Before entering the pumpchamber at the ventral side of the pumpcy linder 
the afferent duct turns upwards and then downwards, forming an S-shaped flexure. 
At the place of entry the opening is controlled by a muscle originating from the middle 
of the tentorial bar (M20). After leaving the pumpchamber the duct turns upwards and 
then downwards via a short duct into the pumpstem. At the foot of the pumpstem the 
duct is provided with two sensillary pores corresponding with the hypopharyngeal 
gustatory organ (Figure 1). 
The duct passes into the efferent salivary duct which runs in the median line on the 
ventral side of the hypopharynx lip to join the salivary canal. This canal is formed by 
opposing grooves of the interlocked maxillary stylets. The epithelial lining of the 
afferent and efferent duct is similar to that of the epidermis consisting of squamous 
cells, each with a spherical to elongated nucleus (Figure 2). 
The salivary pump lies in the head ventral to the pharyngeal pump. It consists of a 
tulip-shaped cylinder and pumpstem (Figure 4A). In its open end there fits a U-shaped 
piston connected with their lips on the edge of the cylinder. Two pairs of muscles are 
inserted on the flexible dorsal wall of the piston (Ml7): one pair originates from the 
tentorium and one pair from the floor of the pharyngeal pump close to the tentorial bar. 
On both sides of the pumpcylinder there are muscles (M19) originating from the ventral 
rods. These rods lead from the tentorial bar to the hypopharynx wall (Figure 4A). 
The structure of the salivary pump including the muscles, ducts, and sensillary 
pores of the three species of the Mindarinae is similar to that of My zus persicae and all 
species of the Adelgidae (Ponsen, 1972, 2006). 
Figure IS Longitudinal view of the salivary gland of a wingless sexuparous larva of Mindarus 
obliquas reconstructed from transverse serial sections showing the accessory salivary gland 
(a s g), transparent organ (t p o), principal salivary gland (p s g), principal salivary duct (p 
s d), and the common salivary duct (c s d). Transverse sections of the accessory salivary 
gland of a winged sexuparous M. japonicus (B), transparent organ of a wingless sexuparous 
M. obliquus (C) and that of a female sexuales M. abietinus (D), common salivary duct 
of a winged sexuparous M. japonicus (E), principal salivary duct of a winged sexuparous 
M. abietinus (F), and the posterior region of the principal gland of an embryonic female 
sexuales of M. japonicus (G). Bar represents 10 urn. For list of abbreviations see page 59. 
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Cell types 
Deckzell 
Hauptzell 
i 1 
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Table 5 The position of the mycetome in the body cavity of species of the Mindarinae, total number 
of mycetocytes and that of the oenocytes. They have three thoracic segments (I-HI) and nine 
abdominal segments (1-9). The sign ± is followed by the standard deviation of the mean. 
Aphid Total number Mycetome Mycetome 
of aphids starts in ends in 
sectioned 
Total number of Total number of 
mycetocytes oenocytes 
Morph 
Mindarus abietinus 
winged sexuparae 
female sexuales 
winged sexuparae 
female sexuales 
Mindarus obliquus 
winged sexuparae 
wingless sexuparae 
female sexuales 
25 
14 
14 
2 
3 
15 
24 
III-2 
1-2 
III-2 
2 
1 
III-2 
1-3 
6-7 
5-6 
6-7 
6 
6 
5-7 
5-6 
49.3 ± 5.0 (n=3) 6.0 ± 1.2(n=25) 
45.7 ± 2.9 (n=3) 6.4 ± 1.6(n=14) 
45.7 ± 2.5 (n=3) 6.5 ± 1.5(n=14) 
32.0 ± 1.4 (n=2) 6.5 ± 0.7 (n=2) 
32.7 ± 3.1 (n=3) 7.0 ± 1.7 (n=3) 
28.0 ± 3.6 (n=3) 7.5 ± 1.1 (n=15) 
29.3 ± 8.1 (n=3) 7.3 ± 1.6(n=24) 
Figure 16 Histological composition of the Deckzellen (d z) and the four types of Hauptzellen (h) in 
the principal salivary gland of embryonic female sexuales (A) and larvae (B) of the three 
species of the Mindarinae. The cell types correspond with those given in Figure 15. Bar 
represents 10 urn. For list of abbreviations see page 59. 
Wageningen Agricultural University Papers 06-1 Supplement 2012 37 
m < 
38 Wageningen Agricultural University Papers 06-1 Supplement 2012 
Mycetome 
In young larvae of the sexuparae and female sexuales of the three species of the 
Mindarinae the mycetome consists of two longitudinal compact masses of mycetocytes, 
one on each side of the digestive system (Figure 17). In the sexuparae they start in the 
metathorax and in the female sexuales in the first abdominal segment to end 
subsequently in the sixth or seventh abdominal segment, respectively (Table 5). In 
some individuals the anterior end of the two masses are connected with each other 
forming a U-shaped structure dorsally to the descending intestine. The mycetome has 
a thickness of about 1-3 layers of mycetocytes. It is enclosed by a nucleated sheath of 
which the small nuclei are projected into the mycetocytes. 
The total number of mycetocytes per mycetome varies from about 31 for the three 
different morphs of Mindarus obliquus and the female sexuales of Mindarus japonicus 
to about 47 for the two different morphs of Mindarus abietinus and the winged 
sexuparae of M. japonicus (Table 5). The mycetocytes harbour irregular-shaped 
symbionts which multiply by a budding process (Figure 18). Similar symbionts are 
present in the mycetocytes of some subfamilies of the Aphididae (Table 22 in Ponsen, 
2006). Each mycetocyte has an irregular-shaped nucleus due to the pressure of the 
multiplying symbionts. 
During larval life the mycetocytes increase in size, whereas the size of the symbionts 
remain constant. The mycetome gradually disintegrates in clusters of mycetocytes or 
in single mycetocytes, and parts of the nucleated sheath remain connected with the 
separated mycetocytes. The cell wall of the mycetocytes breaks open and this process 
continues in the adult stage. The symbionts liberate into the haemolymph and are 
distributed throughout the body cavity. 
Figure 17 Dorsal view of the mycetome and topographical position of the oenocytes of a female 
sexuales larva of Mindarus abietinus (A) and a winged sexuparous larva of M. japonicus 
(B) reconstructed from transverse serial sections. 3-9, abdominal spiracles. Bar represents 
30 urn. For list of abbreviations see page 59. 
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Oenocytes 
In all sexuparae and female sexuales of the three species of the Mindarinae the 
oenocytes are situated mainly laterad between the mesodermal tissue and the mycetome. 
In each morph there are about 6-7 oenocytes which occur as single cells (Table 5). 
In embryos and young larvae they are intimately attached to the mycetome (Figures 8, 
13B, and 17). 
During larval life the oenocytes gradually increase in size. In the cytoplasm arise 
vacuoles and the nucleus start to produce granules. The granules are released into the 
cytoplasm, become encapsulated in vacuoles, and transported to the cell membrane to 
be released subsequently into the haemolymph by membrane fusion. Due to the 
production of granules the nuclear chromatine is completely disappeared leaving a 
dark structureless mass surrounded by strongly vacuolated cytoplasm. In some 
oenocytes the nucleolus is dissolved (Figure 18C). 
Figure 18 Transverse section through the fourth abdominal segment of an embryonic female sexuales 
of Mindarus abietinus (A), a young larval wingless sexuparous M. obliquus (B), and an 
adult winged sexuparous M. japonicus (C) showing fat cells, basophilic mesodermal cells, 
connective tissue cells, mycetocytes, oenocytes, and pericardial cells. Bar represents 10 um. 
For list of abbreviations see page 59. 
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Dorsal vessel 
The dorsal vessel lies in the median plane just beneath the dorsal mesodermal tissue 
(Figure 19A). It starts blindly in the sixth abdominal segment as a bottle-shaped structure. 
In the fourth abdominal segment the bottle-shaped structure passes into a uniform thin 
tube. In the head the tube terminates subsequently at a funnel-shaped mouth which is in 
open connection with the haemoceul. As in Myzus persicae (Ponsen, 1972) there are 
three pairs of ostia occurring laterally in the wall of the bottle-shaped structure. 
Half-way above the corpus allatum the ventral wall of the funnel-shaped mouth is 
connected with its ventrolateral sides to this body (Figure 19B). The dorsal wall of the 
mouth extends further and is attached with its lateral sides to the paired glands of the 
corpora cardiaca just behind the dorsal lobes of the protocerebrum (see Figure 28 in 
Ponsen, 1972). 
The haemolymph, characterized by the absence of circulating cells, flow freely 
forewards via the three pairs of ostia to the funnel-shaped mouth by vigorous pulsating 
movements throughout the entire length of the vessel. These movements are generated 
by circular and four longitudinal muscles; the latter are external to the circular muscles. 
Many waxy droplets, originating from fat cells, are present in the lumen of the dorsal 
vessel which enter the vessel through the ostia. 
Pericardial cells. Alongside the dorsal vessel runs the medial dorsal nerve (N13). 
This nerve originates from the corpora cardiaca and terminates at the gonopore and near 
the rectum a branch to the dorsal wall of the descending intestine. It gives off branches to 
the wall of the dorsal vessel, pericardial cells, and the several organs (Figure 19A). 
The very small pericardial cells are evenly distributed along the dorsal vessel forming 
a chain of longitudinal cells. In some individuals two or three of them may combine to a 
strand. Further there occur 2-4 somewhat spherical to polygonal cells in the environment 
of the corpus allatum (Figure 19B), 1-3 cells in the vicinity of the coxae of the three pairs 
of legs (a, b, c), and 1-3 cells (d) half-way laterally in the metathorax. The topographical 
position of the pericardial cells of the three species of the Mindarinae is similar to that of 
Figure 19 A. Dorsal view of the dorsal vessel and topographical position of the pericardial cells of 
a winged sexuparous larva of Mindarus abietinus, reconstructed from transverse serial 
sections. 1-2, meso- and metathoracic spiracles; 3-9, abdominal spiracles. Bar represents 
30 um. B. The connection of the ventrolateral sides of the ventral wall of the funnel-
shaped mouth of the dorsal vessel to the corpus allatum of a female sexuales larva of M. 
abietinus. Bar represents 10 um. C. Dorsal view of the salivary glands of an embryonic 
male (a) and a larval male (b), an embryonic female sexuales (c) and a wingless sexuparous 
larva (see Figure 15A) of the Mindarinae, reconstructed from transverse serial sections. 
Bar represents 10 urn. For list of abbreviations see page 59. 
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Myzus persicae (Figure 24 in Ponsen, 1972). The presence of pericardial cells in many 
aphid species has already been reported by Holman (1958). 
During larval life the pericardial cells increase in size. In the cytoplasm arise many 
vacuoles and granules which form dark, irregular-shaped bodies among the vacuoles. 
The cell membrane of the pericardial cells is finely striated (Figure 19B). 
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Mesodermal tissue 
In embryos and young larvae (except the males) the mesodermal tissue is a compact 
mass of cells (Figure 20B). It forms a continuous sheet situated in the body cavity 
against the epidermis. In the dorsal region of the head the sheet has a thickness of about 
1-4 cell layers and in the lateral and ventral region it is a single layer of cells. Both the 
thorax and abdomen the mesodermal tissue consists of about 1-3 cell layers with 
offshoots between the various organs. In all appendages except the coxa of each leg the 
mesodermal tissue is lacking (Figures 1 and 12). 
The mesodermal tissue consists of three types of cells, viz. fat cells, basophilic 
mesodermal cells, and connective tissue cells. During larval life the cells gradually 
increase in size forming a loose structure (Figure 18). 
Most numerous are the fat cells, characterized by a strongly vacuolated cytoplasm, 
the vacuoles being filled with a yellow oil-like substance. Due to the pressure of the 
lipid vacuoles the spherical nuclei gradually transform into various shapes, from 
polygonal to stellate or flattened and displaced to one side of the cell. In the embryonic 
female sexuales the waxy droplets are absent (Figures 18A and 20B). They arise after 
birth in the fat cells among the vacuoles to migrate to the haemolymph and from there 
to the endocuticular layer of the bodywall. In the adult stage the fat cells start to 
degenerate leaving a net-shaped structure of empty vacuoles (Figure 18C). 
The basophilic mesodermal cells are individually dispersed among the fat cells, 
rarely in a cluster of 2-3 cells. They have a structureless homogeneous basophilic 
cytoplasm and a spherical nucleus. During larval life these cells start to vacuolize till 
they are completely dissolved in the adult stage (Figure 18C). 
The much smaller connective tissue cells are distributed along the surface of the 
mesodermal tissue and among the fat cells. The visible processes of these cells form a 
complicated network of delicate membranes supporting the mesodermal tissue and 
also connected with the various organs in the body cavity. 
In the haemolymph the circulating cells are absent as in all aphid species investigated. 
Figure 20 Transverse section through the seventh abdominal segment of an embryonic male (A) 
and an embryonic female sexuales (B) inside a winged sexuparous Mindarus japonicus, 
showing the mesodermal tissue. The muscles are omitted. Bar represents 10 urn. For list of 
abbreviations see page 59. 
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Figure 21 Dorsal view of the digestive system of a larval male of Mindarus abietinus (A), M. 
japonicus (B), and M. obliquus (C) reconstructed from transverse serial sections. In the 
males the mycetome and oenocytes are lacking. 1-2, meso- and metathoracic spiracles; 3-9, 
abdominal spiracles. Bar represents 30 urn. For list of abbreviations see page 59. 
Figure 22 Longitudinal section of the proboscis (rostrum) of a male of Mindarus obliquus: first (A), 
second (B), third (C), and fourth (D) labial segment. The dotted lines indicate the plane 
through which the transverse sections 1-10 have passed. The stylet bundle is omitted. 
Bar represents 10 urn. For list of abbreviations see page 59. 
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Figure 23 Transverse sections of the middle region of the stomach (A), small crenated intestine (B), 
large crenated intestine (C), descending intestine (D), and rectum (E) of an embryonic 
female sexuales (I), embryonic male (II), and a larval male (III) of three species of the 
Mindarinae. Bar represents 10 (im. For list of abbreviations see page 59. 
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Males 
Both the winged and wingless sexuparae produce viviparous sexuales. In old larvae 
and adults the embryonic female sexuales are situated in the posterior region of the 
abdominal haemoceul and the males in the anterior region. Moreover, the embryonic 
males are even as big as the embryonic female sexuales (Figures 13 and 20). Probably 
first the female sexuales are born and later on the males. The female sexuales have four 
well-developed ovarioles and according to Niisslin (1910) they produce more than one 
winter egg. The testis of the males (Niisslin, 1910) of the Mindarinae are fused in the 
midline to form a single large follicle (Polaszek, 1986). In embryonic and larval males 
this organ is situated between the first and fifth abdominal segment and consists of six 
follicles (Figure 13A). 
The bright verdigris males of Mindarus abietinus and M. obliquus complete their 
larval instars within a few days; the adults are wingless dwarfish individuals with well-
developed mouthparts and the length of the males is half of that of the wingless 
sexuparae and female sexuales (Niisslin, 1910). 
The alimentary tract of the males of the three species of the Mindarinae starts with 
the food canal which is formed by the interlocked maxillary stylets. These stylets are 
partly enveloped by the mandibular stylets forming the stylet bundle. 
Each stylet originates from a retort-shaped organ of which the cells possess well-
developed nuclei. This indicates that the bottle-shaped cells can produce a new stylet 
during each moult. Half-way the labrum the stylet bundle crosses over into the labial 
groove (Figure 22). 
The very small proboscis of the males consists of four labial segments of which the 
first and last two segments are similar to those of the sexuparae and female sexuales 
(Figures 5 and 22). The second labial segment has five pairs of transverse muscles 
whereas that of the remaining morphs has 25 pairs of labial transverse muscles (M33). 
The V-shaped organ responsible for the telescoping process of the second segment into 
the first labial segment is absent in the males (Figure 7). 
The food canal leads into the pharyngeal duct which is separated from the pharyngeal 
pump by a valve. The dorsal wall of the valve is controlled by two pairs of muscles and 
the flexible dorsal wall of the pump by 13 pairs of muscles attached to long tendons, 
14 pairs of muscles attached to short tendons, and two pairs of supporting muscles. Both 
the musculature of the stylets, and the structure of the pharynx including the muscles of 
the valve and pump, and the structure of the gustatory organs including the position of the 
sensillary pores of the males are identical to those of the sexuparae and female sexuales. 
The digestive system consists of the foregut, midgut, and rectum. The foregut is a 
continuation of the pharyngeal pump and passes in the mesothorax or metathorax into 
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Figure 24 Dorsal view of the digestive system (A) and topographical position of the oenocytes (B) of a 
wingless viviparous larva of Plocamaphis amerinae (Hartig) reconstructed from transverse 
serial sections. 1-2, meso- and metathoracic spiracles; 3-9, abdominal spiracles. Bar 
represents 30 um. Inset: Schematic representation of the digestive system of P. amerinae. 
For list of abbreviations see page 59. 
50 Wageningen Agricultural University Papers 06-1 Supplement 2012 
the stomach with a very small oesophageal valve. The tubular stomach passes with or 
without a loop into the crenated intestine, which in turn leads into the descending 
intestine. The descending intestine runs dorsally to the thoracic and abdominal ganglion 
and ventrally to the testis to terminate at the anal opening (Figures 13A and 21). 
The epithelial cells of the midgut have no distinct lateral cell membranes and the 
luminal surface has no distinct microvillar system. The cytoplasm is strongly vacuolated 
with small, empty or irregular-shaped to stellate pycnotic nuclei (Figure 23). The 
triplet cells are somewhat shrivelled and filled with fine granulated material. The 
degenerated midgut epithelium of the males of the Mindarinae is similar to that of the 
sexuales of the Phylloxeridae and those of the Adelgidae (Ponsen, 1997, 2006). 
The configuration of the primitive midgut in embryonic males is similar to that in 
larval males (Figures 13 A and 21). However, the structure of the midgut epithelial cells 
of the embryonic males is similar to that of the well-developed midgut of embryonic 
female sexuales (Figure 23). Probably the degeneration process of the midgut 
epithelium starts after birth of the males. 
The posterior ectodermal part of the alimentary tract consists of a rectum which 
continues into an epidermal invagination. It is a straight duct and in open connection 
with the exterior via the anal opening (Figures 13A and 21). The epithelial cells of 
these three organs have well-developed nuclei containing chromatin material and a 
nucleolus similar to those of the epidermis (Figure 23). The cuticular layer lining the 
rectum, epidermal invagination, and that of the bodywall form one continuous layer. 
The anal opening is situated in a somewhat terminal position and controlled by three 
pairs of anal dorsal muscles and two pairs of anal lateral muscles (Figure 12F). The 
musculature of the anal opening of the males is similar to that of the sexuparae and 
female sexuales (Figure 12A-E). 
The salivary glands of the embryonic males are much smaller than those of the 
embryonic female sexuales, although both embryos are of the same size (Figures 13 and 
19C). The glands consist of structureless cells with or without an empty spherical or 
oval-shaped nucleus. During larval life the glands do not increase in size; the cells retain 
their form to vacuolize subsequently. The degenerating process of the salivary glands 
start in the embryonic stage. This implies that the accessory salivary glands cannot 
produce the viscous fluid forming the salivary sheath to protect the stylet bundle into the 
plant, and the principal salivary glands cannot produce any saliva to digest the contents 
of the phloem. From this it can be concluded that the males cannot take their nourishment 
from the hostplant and consequently the midgut start to degenerate in the larval stage, the 
males remain behind in growth during larval life and do not emit any honeydew. 
The mesodermal tissue of the embryonic males consists of fat cells, basophilic 
mesodermal cells, and connective tissue cells. The fat cells have no distinct cell 
Wageningen Agricultural University Papers 06-1 Supplement 2012 5 1 
/ ' I 
'JL'v • / : 
^iàuO'iii 
'»inj 
t y ...a ^  ^ (g^y^ 
/^ =-
C-.f. 
**"%,ƒ . < * * ^ . ^ 
M 2 
.-.V-, . , v ? « ? ^ 
• - e / '.*. • ( ',.'•• rv. 'v_J<:^5s-' 
-•.••••.. »••;'•,•* o-->i 
• . • • • • • • ' ; • " * - . . , -
?* "•; .V 
at?* " \ \ ^ 
l^T< 
n /H 
tpc 
52 Wageningen Agricultural University Papers 06-1 Supplement 2012 
membranes and are probably fused with each other forming a strongly vacuolated 
body (Figure 20A). The irregular-shaped to stellate nuclei due to the pressure of the 
vacuoles, contain chromatin material and a nucleolus. The nuclei are even dispersed in 
the fat body, as well as the basophilic mesodermal cells and the connective tissue cells. 
During larval life the fat body gradually dissolved including the nuclei till it is 
completely disappeared, except the last two types of cells. In embryonic males the 
waxy droplets are absent but in some larval individuals they occur. The fat body of the 
males is quite different to that of the embryonic female sexuales (Figure 20B). 
The big protein globules with cavities of various dimensions present in the fat cells 
and haemolymph of the sexuales of the Phylloxeridae and those of the Adelgidae are 
absent in the fat body of males of the Mindarinae (see Table 19 in Ponsen, 2006). 
In the males mycetome and the oenocytes are lacking. 
Figure 25 Transverse sections of the anterior region (A), middle region with an apocrine secretion (B), 
and posterior region with a merocrine secretion (C) of the stomach of a winged viviparous 
larva of Pterocomma Salicis (Linnaeus); first region (D), second region (E), and second 
region with a triplet (F) of the crenated intestine; the descending intestine in a contracted 
(G) and in a dilated (H) position of a first larval stage wingless viviparous P. Salicis. 
Bar represents 10 urn. For list of abbreviations see page 59. 
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Discussion (Table 7) 
Species of the Mindarinae and those of the Adelgidae live on conifers, viz. Picea spp. 
and Abies spp. (Pinaceae). In all these species as in all other aphid species investigated 
(Table 15 in Ponsen, 2006) the pharynx consists of the pharyngeal duct, valve, and 
pump. The dorsal wall of the pharyngeal valve has two pairs of muscles. The movement 
of the flexible dorsal wall of the pharyngeal pump in the sexuparae and female sexulaes 
of the Mindarinae is controlled by 27 pairs of muscles (Figure 1) and that in asexual 
species of the Adelgidae by 10 pairs of muscles (Ponsen, 2006). Moreover, the 
Mindarinae pump up their food from the phloem (see page ....) and the Adelgidae take 
their nourishment from cortex parenchyma cells. 
Table 7 Major differences between the Mindarinae an ultimate phloem-feeding aphid and the 
Adelgidae which take their nourishment from non-vascular parenchyma cells. Both groups 
of aphids live on conifers, viz. Picea spp. and Abies spp. (Pinaceae). 
Mindarinae Adelgidae 
Pharyngeal pump 
muscles 
Proboscis 
Stomach cells 
Length of the stomach 
Length of the intestine 
Symbionts 
Total number of 
oenocytes 
Mesodermal tissue 
27 pairs 
V-shaped organ 
no crumena 
apocrine secretion 
twice that of the Adelgidae 
irregular-shaped 
6-7 
basophilic mesodermal 
cells 
10 pairs 
no V-shaped organ 
crumena 
merocrine secretion 
twice that of the 
Mindarinae 
ellipsoid-shaped 
41-67 
basophilic + granulated 
mesodermal cells 
There may be a correlation between the difference in food source and the type of 
symbionts: the mycetocytes of the sexuparae and female sexuales of species of the 
Mindarinae are filled with irregular-shaped symbionts (like ginger roots) which 
multiply by a budding process (Figure 18) and the mycetocytes of the asexual species 
of the Adelgidae harbour ellipsoid-shaped symbionts multiplying by constriction of 
the circular centre (Ponsen, 2006). 
Moreover it appears that the sexuparae and female sexuales of species of the 
Mindarinae possess inside their labium a well-developed V-shaped organ which serves 
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to telescope the second labial segment into the first labial segment (Figures 5 and 6). 
Probably strong telescoping movements of the labium are needed to reach the relatively 
deep-lying phloem of the hostplant. On the other hand, in all asexual species of the 
Adelgidae and those of the Phylloxeridae the V-shaped organ is lacking and probably 
because labial movements are not necessary for penetration of the stylets into the 
cortex parenchyma cells (Figure 7). 
It is interesting that in a drawing of the musculature of the proboscis of 
Dactylosphaera vitifolii Shimer (= Daktulosphaira vitifoliae (Fitch)) the V-shaped 
organ is lacking (Rilling, 1960). The musculature of the proboscis of the sexuparae and 
female sexuales of the Mindarinae is similar to that of Aphis fabae Scopoli (Weber, 
1928) and Aphis (Doralis) frangulae Koch (= Aphis frangulae Kaltenbach) (Roberti, 
1946); however in the last two aphid species the V-shaped organ is lacking. 
Electrophysiological (EPG) studies on Phylloxera coccinea (Heyden) feeding on 
Quercus robur leaves (Harrewijn et al., 1998) and Scanning electron microscopy 
(SEM) studies on Daktulosphaira vitifoliae (Fitch) feeding on Mtis vinifera roots 
(Kingston and Powell, 2007) proved that both phylloxerids take their nourishment 
from non-vascular parenchyma tissue. 
The triangular stomach cells of the sexuparae and female sexuales of the Mindarinae 
produce an apocrine secretion (Figure 9) and those of the asexual species of the 
Adelgidae a merocrine secretion (Figure 13 in Ponsen, 2006). Moreover, the length of 
the stomach of the Adelgidae is about twice that of the Mindarinae and the length of 
the intestine of the Mindarinae is about twice that of the Adelgidae (Table 6; see Figure 
22 in Ponsen, 2006). 
The presence of only one type of secretory cells in the stomach indicates that the 
species of the Mindarinae and those of the Adelgidae belong to the monophagous 
aphids. On the other hand, the stomach of species of the Pterocommatinae (see Table 
24 in Ponsen, 2006) consists of the following three types of cells: in the anterior region 
cuboidal cells with spherical nuclei which do not show any cytological evidence of 
secretory activity, in the middle region tall, finger-like columnar cells with oval-shaped 
nuclei producing an apocrine secretion by constriction of the apical part, and in the 
posterior region of the stomach squamous cells with horizontal elliptic nuclei producing 
a merocrine secretion (Figure 25). The stomach of the Pterocommatinae is lined with 
two types of secretory cells and consequently they have the potential to become 
polyphagous. According to Heie (1986) they feed on many species of Salix and 
Populus. Moreover, species of the Pterocommatinae possess in their labium a well-
developed V-shaped organ (Figure 7) indicating that they are phloem feeders. 
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Abbreviations used in figures 
a d m 
al m 
ao 
a s d 
a s g 
b mc 
c a 
c e 
c l 
c l b 
C 0 
c sd 
e t c 
cu 1 
d i 
d v 
d z 
e 
e e 
e g o 
e i 
e n c u 
e p 
e s d 
ex c u 
f 
f ac 
fe 
g o 
h 
h p 
h p g o 
h p l 
i l 
i 2 
anal dorsal muscles 
anal lateral muscles 
anal opening 
afferent salivary duct 
accessory salivary gland 
basophilic mesodermal cell 
corpus allatum 
compound eye 
clypeus 
clypeo-labrum 
cornicle (siphunculus) 
common salivary duct 
connective tissue cell 
cuticular lumen 
descending intestine 
dorsal vessel 
Deckzell 
epipharynx 
epidermal evagination 
epipharyngeal gustatory organ 
epidermal invagination 
endocuticle 
epidermis 
efferent salivary duct 
exocuticle 
foregut 
fat cell 
foregut epithelium 
gonopore 
Hauptzell 
hypopharynx 
hypopharyngeal gustatory organ 
hypopharynx lip 
first region of crenated intestine 
second region of crenated 
intestine 
i s 
i s c 
i s d 
l a 
l b 
l e 
l r 
mc 
m d 
m d r 
ms w 
m v s 
m x 
m x r 
m x s 
my c 
M2 
M4 
M6 
M7 
M8 
M9 
MIO 
Mi l 
M13 
M14 
M16 
M17 
M19 
intravalvular space 
intercellular secretory 
canaliculum 
intercellular secretory duct 
labium 
labium 
labial evagination 
labial rod 
myoepithelioid cell 
mandibular stylet 
mandibular retort-shaped organ 
minute swellings 
microvillar system 
maxillary stylet 
maxillary retort-shaped organ 
maxillary sclerite 
mycetocyte 
circular muscle fibres 
divaricator muscles 
elevator muscle of tentorial bar 
lateral muscle of clypeus 
lateral muscle of mandibular 
stylet 
lateral muscle of maxillary stylet 
lateral pharyngeal valve muscle 
longitudinal muscle fibres 
protractor muscle of mandibular 
stylet 
protractor muscle of maxillary 
stylet 
retractor muscle of maxillary 
stylet 
retractor muscle of salivary 
pump piston 
retractor muscle of salivary 
pumpwall 
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M20 
M21 
M23 
M24 
M25 
M28 
M29 
M30 
M31 
M32 
M33 
n 
N10 
N13 
oen 
o V 
P 
pb 
pc 
pcc 
pch 
phd 
phe 
php 
p h p r 
PP 
ps 
p sd 
p sg 
Pt 
r 
sb 
sec 
sep 
sog 
retractor muscle of afferent 
salivary duct 
ventral pharyngeal pump muscle 
mandibular muscle to pharyngeal 
pump floor 
maxillary muscle to pharyngeal 
pump floor 
lateral pharyngeal pump muscle 
labial dorsal longitudinal muscle 
labial ventral longitudinal muscle 
labial retractor muscle 
labial protractor muscle 
labial lateral muscle 
labial transverse muscles 
nucleus 
main abdominal nerve 
medial dorsal nerve 
oenocyte 
oesophageal valve 
protocerebrum 
proboscis 
pumpcy linder 
pericardial cell 
pumpchamber 
pharyngeal duct 
pharyngeal epithelium 
pharyngeal pump 
pharynx protuberance 
pointed projections 
pumpstem 
principal salivary duct 
principal salivary gland 
piston 
rectum 
stylet bundle 
squamous epithelial cell 
sensillary pore 
suboesophageal ganglion 
st 
tb 
to 
t pc 
t p o 
tr 
ts 
u c e 
vm 
vr 
Vso 
w 
stomach 
tentorial bar 
triommatidion 
triplet cells 
transparent organ 
trachea 
testis 
undeveloped compound eye 
visceral muscles 
ventral rod (chitinous ridge) 
V-shaped organ 
waxy droplet 
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